Excessively intaking caffeine can harm human health, and it is imperative to develop a rapid method to identify caffeine for food safety. The magnetic molecularly imprinted polymeric microspheres (MMIPs) were prepared to pretreat samples before silver nanoparticles (AgNPs) colorimetric detection of caffeine. Using Fe 3 O 4 as supporting core, mesoporous SiO 2 as intermediate shell, a-methylacrylic acid as functional monomer and caffeine as template, the prepared MMIPs were characterised by transmission electron microscopy, Fourier transform infrared spectroscopy and vibrating sample magnetometer. Adsorption process followed Langmuir adsorption isotherm with maximum adsorption capacity at 38.8 mg g À1 under 298 K. The MMIPs extract caffeine from beverages, then the AgNPs colorimetric method rapidly screened and semi-quantified caffeine ≥5 mg L À1 by naked eye, and accurately quantified caffeine ranging 0.1-5 mg L À1 by UV-vis spectroscopy at 393 nm, which were consistent with HPLC analytical results.
Introduction
Caffeine, a xanthine alkaloid compound, a central nervous system stimulant that presents in some plants, such as coffee and tea (Yamamoto et al., 2015) . Due to the excitatory effects on the central nervous system, caffeine can lift the spirit, reduce fatigue, eliminate drowsiness and improve thinking activities (Wanyika et al., 2010) . Many popular beverages in the world are caffeine-containing, such as coffee, tea, soft drink and energy drink (Desbrow et al., 2012; Wang et al., 2013) . However, excessively intaking caffeine can cause harm to human health because it not only acts on the cerebral cortex, but also can stimulate the medulla oblongata directly and damage the vital organs, such as liver, stomach and kidney, and even leads to the mental retardation of next generation (Szpak & Allen, 2012) . Therefore, food hygiene standards for caffeine in beverages have been formulated by many countries around the world. America, Canada, Argentina, Japan and the Philippines provide that the amount of the most high load of caffeine in beverages is 200 mg L À1 (Sharma et al., 2014) , Yugoslavia sets that the content of caffeine in beverage cannot exceed 100 mg L À1 , and in China, caffeine is only allowed into cola beverages and the maximum content is 150 mg kg À1 (Gilbert et al., 1976; Heckman et al., 2010; Authority, 2016) .
In order to strengthen the supervision and management of food hygiene, it is imperative for the determination of caffeine to develop a standard method. In addition to taste sensor technique (Chen et al., 2010) , there are lots of traditional methods for caffeine detection including spectrophotometry (Kalra et al., 2011) , gas chromatography-mass spectrometry (GC-MS) (Wu & Tseng, 2011) , liquid chromatography-mass spectrometry (LC-MS) and high-performance liquid chromatography coupled with photodiode array detector (HPLC-DAD) (Tfouni et al., 2012; Dewani et al., 2014) . However, these methods are not only laborious and time-consuming but also need a large number of organic reagents and expensive instruments. Thus, it is necessary to establish some novel, simple, low-cost and accurate analytical methods to detect caffeine rapidly.
In the recent years, silver nanoparticles (AgNPs) have been widely used in surface-enhanced Raman scattering, surface plasmon resonance and localised surface plasmon resonance for their unique optical properties (Liu et al., 2013; Zhang et al., 2011) . Colorimetric detection based on AgNPs has also become a hotspot (Hossain et al., 2009; Tang et al., 2017) . The interaction between AgNPs and analytes can change the size and shape of the particles and the interparticle distances, which lead to some colour variations of solution (Cassar et al., 2014) . Therefore, the analyte can be detected by observing the colour of the solution directly, so the AgNPs colorimetric detection is a rapid, simple, diverse and practical method. In addition, AgNPs has high detection sensitivity (the detection limit can be as low as nmol L À1 ) due to its high absorption coefficient. However, in complex sample matrices, numerous interferents may cause the aggregation of nanoparticles (Devasenathipathy et al., 2014) , so the application of AgNPs colorimetric sensor has been limited by its poor selectivity. Aiming to improve the selectivity of AgNPs colorimetric sensors, many methods were established, such as some stabilisers were added. For example, Zhu et al. (2016) developed a ratiometric nanosensor based on conjugated polyelectrolyte-stabilised AgNPs for ultrasensitive fluorescent and colorimetric sensing of melamine. Wu and Tseng combined cloud point extraction and tween 20-stabilised gold nanoparticles for colorimetric assay of AgNPs in environmental water (Wu & Tseng, 2011) . Nevertheless, these methods of synthesising gold/silver nanoparticles are not simple, and the addition of stabilisers can hinder the aggregation of AgNPs so as to affect the sensitivity of the colorimetric sensors (Liang et al., 2013; Lin et al., 2012) . Thus, pretreatments of the samples play critical roles in AgNPs colorimetric analysis.
Extraction by organic solvents, centrifugation, macroporous resin separation and solid-phase extraction with cartridges are frequently used for sample pretreatment (Lichtenberg et al., 2002; VillalobosCastillejos et al., 2013) . For example, a gas chromatography with nitrogen-phosphorus detector analytical method was reported to determine caffeine isolated from the coffee by liquid-liquid extraction before analysing (Mccusker et al., 2003) . However, the interference cannot be eliminated completely owing to inadequate selectivity. For higher selectivity, some new approaches were developed, such as antibody-based and aptamer-based methods to isolate or enrich chemicals from complicated food matrices, but the great challenges are high cost and laborious manufacture of antibody and aptamer for specific analytes. In comparison, molecularly imprinted polymers (MIPs) with high recognition towards target analyte have been used to effectively pretreat samples in the recent years (Gao et al., 2016 (Gao et al., , 2017 . However, when extracting target substance by MIP, it is often necessary to prepare a solid-phase extraction packed column to facilitate the separation of the MIP from the solution. So that, magnetic molecularly imprinted polymers (MMIPs) have been prepared (Gao et al., 2014a; Zhang et al., 2018; Zhao et al., 2018) . When using magnetic material as the supporting core of MMIPs, the resultant MMIPs could be collected by a magnetic field from the solution, which is not only simple and rapid but also can reduce the amount of organic solvent and improve the enrichment efficiency. Besides, MIPs have some advantages of low manufacturing cost, stable and good performance and ability to resist the harsh environment, and are extremely suitable to separate component for sensing systems (Khlifi et al., 2013; Gao et al., 2014a) .
For the sake of establishing a novel, simple, lowcost and accurate analytical method for the detection of caffeine in beverages, the AgNPs colorimetric method with pretreating by magnetic MIPs (MMIPs) was investigated. Caffeine was isolated and enriched with MMIPs from Coca-Cola and tea beverages before using AgNPs sensors for rapidly semi-quantitative analysis by naked eye and quantitatively accurate analysis by UV-vis spectrophotometry. To our best knowledge, this was the first study to utilise colorimetric method based on both AgNPs and MMIPs for rapid and accurate detection of caffeine in food products.
Materials and methods

Chemicals and reagents
Sodium acetate, FeCl 3 Á6H 2 O, polyethylene glycol 6000 (PEG 6000), cetyltrimethyl ammonium bromide (CTAB), tetraethyl orthosilicate (TEOS), acetonitrile, ethanol, acetic acid, acetone and HPLC grade methanol were purchased from Sinopharm Chemical Reagent Co, Ltd. (Shanghai, China). Ethylene glycol dimethacrylate (EGDMA), a-methylacrylic acid (MAA) and methacryloxy propyl trimethoxyl silane (MPS) were acquired from Shanghai Macklin Biochemical Co, Ltd. (Shanghai, China). The 2,2 0 -azobisisobutyronitrile (AIBN) was provided by Chinasun specialty products Co, Ltd. (Jiangsu, China). Caffeine was purchased from Guizhou Di Technology Co, Ltd. (Guizhou, China). Xanthine, theobromine and theophylline ( Figure S1 ) obtained from Shandong Xiya Reagent Co, Ltd. (Shandong, China). Triple distilled water, newly collected from a glass distillator (Yarong, Shanghai), was used to prepare aqueous solutions. Other reagents were of analytical grade and obtained from Sinopharm Chemical Reagent Co, Ltd. (Shanghai, China).
Procedures for preparation of caffeine-MMIPs
Caffeine-MMIPs were synthesised by the following procedure. Firstly, magnetic Fe 3 O 4 nanoparticles, Fe 3 O 4 @mSiO 2 microspheres and vinyl-modified Fe 3 O 4 @mSiO 2 microspheres were prepared in turn according to our previously published method (Xie et al., 2014 .
Then, caffeine (0.25 mmol) and MAA (1.0 mmol) were dissolved in anhydrous acetonitrile (12.0 mL), purged with N 2 and then stored in refrigerator at 4°C for 12 h to prepare preassembled solution. Under being purged with N 2 on ice, the vinyl-modified Fe 3 O 4 @mSiO 2 (50.0 mg), EGDMA (5.0 mmol) and AIBN (20.0 mg) were dissolved in acetonitrile (15.0 mL) and added into the above-preassembled solution and then allowed to proceed for 24 h at 60°C under constant stirring. After polymerisation, Fe 3 O 4 @mSiO 2 @MIPs were collected magnetically, rinsed with acetonitrile until the supernatant was clear, and then eluted with methanol to remove the template completely.
Finally, the Fe 3 O 4 @mSiO 2 @MIPs (MMIPs) were washed with methanol to neutral pH and vacuum dried overnight at 50°C. As a control, the same procedures were applied to prepare Fe 3 O 4 @mSiO 2 @NIPs (MNIPs) in the absence of caffeine.
HPLC analysis of caffeine and it analogues
HPLC analysis of caffeine and it analogues (xanthine, theobromine, and theophylline) was performed on a Beijing Purkinje L600 HPLC system equipped with a Pgrandsil-STC-C 18 column (250 mm 9 4.6 mm, 5 lm, Bonna-Agela, Wilmington, USA) and a UV detector at 270 nm. The mobile phase was methanol (A)-water (B) and was eluted in isocratic elution with 25% A. The flow rate was set at 0.8 mL min À1 while the temperature was controlled at 25°C. Each series of reference substance solutions (10, 50, 100, 200, 400, 800 mg L À1 ) were detected by HPLC, and standard curves were drawn with peak area (y) vs. concentration of reference substance solution (x, mg L À1 ) before obtaining limit of detection (LOD) and limit of quantity (LOQ).
Structure characterisation
The structures of the MMIPs were characterised by FT-IR, TEM and VSM. FT-IR spectra (4000-400 cm À1 ) were obtained via a Nicolet 6700 FT-IR spectrometer (Thermo Nicolet Co. Waltham, MA, USA). TEM (Tecnai G2 F20, FEI, America) was used to observe particle size and morphology of microspheres. The magnetic property was measured at room temperature using VSM (Squid-VSM, Quantum Design, USA). UV-vis spectra were scanned and recorded on an UV2800 ultraviolet-visible spectrophotometry (Sunny Hengping Scientific Instrument Co, Ltd., Shanghai).
Adsorption experiment
For equilibrium adsorption experiments, MMIPs/ MNIPs (15.0 mg) were suspended in caffeine aqueous solution (3.0 mL) with the concentrations from 0.10 to 0.70 mg mL À1 . After shaken at 298 K, 308 K and 318 K, respectively, for 60 min, the supernatant was detected by HPLC, and the equilibrium adsorption capacity Q e (mg g À1 ) of caffeine was calculated based on the following equation:
where c 0 (mg mL À1 ) represents the initial concentration of caffeine, and c e (mg mL À1 ) is the equilibrium concentration of caffeine. V (mL) is the volume of caffeine solution, while m (g) means the mass of MMIPs (or MNIPs).
For kinetic adsorption experiments, MMIPs/MNIPs (15.0 mg) were mixed with 3.0 mL caffeine (0.5 mg mL À1 ) in water. The mixtures were continuously shaken at 298 K and the concentrations of caffeine at a certain intervals (5, 10, 15, 20, 30, 40 to 210 min) were analysed by HPLC, and then the adsorption capacity Q t (mg g À1 ) at different contact time t (min) was calculated as:
where c t (mg mL À1 ) is the caffeine concentration at different contact times, V (mL) is the volume of caffeine solution and m (g) means the mass of MMIPs (or MNIPs).
Selectivity of adsorption was performed using caffeine and its three structural analogues (xanthine, theobromine and theophylline) in individual standard solutions with the same initial concentrations of 0.3 mg mL À1 . After shaken at 298 K for 60 min, the supernatant was detected by HPLC, and the equilibrium concentrations Q e (mg g À1 ) of caffeine were calculated with the equation (1). The specific recognition of the MMIPs was evaluated by imprinting factor (a) (Zhu et al., 2013; Xu et al., 2018) , which was calculated by the equation a = Q MMIPs /Q MNIPs , where the Q MMIPs (mg g À1 ) and Q MNIPs (mg g À1 ) were the adsorption capacity of template imprinted and nontemplate imprinted polymers for caffeine respectively. The selectivity of recognition was identified by the separation factor (b) (Zhu et al., 2013) , which was calculated by the equation b = Q template /Q non-template , where the Q template (mg g À1 ) and Q non-template (mg g À1 ) were the adsorption capacity of template molecules and the analogues on MMIPs, respectively.
All experiments above were conducted in three times and the results were averaged.
Spiked recovery of caffeine in beverages
Each 0.50 mL of caffeine standard solution (10.0 mg mL À1 ) was spiked into 50 mL of bottled black tea, bottled green tea and Coca-Cola, which were diluted to 100 mL with distilled water, respectively. As controls, another 50 mL of bottled black tea, bottled green tea and Coca-Cola were directly diluted to 100 mL, respectively. Then, 3 mL of each above solution was extracted by 15 mg MMIPs, and the absorbed MMIPs were collected by a magnet and eluted by methanol, and the eluent was analysed by HPLC to calculate the spiked recovery of caffeine.
Selective extraction of caffeine with MMIPs
Market bottled black tea, bottled green tea and CocaCola were filtered through 0.45 lm filter membrane and ultrasonically degassed then stored in 4°C for further experiment.
MMIPs or MNIPs (15.0 mg) were suspended in the filtrates (3.0 mL) above, respectively. After shaking for 60 min, MMIPs or MNIPs were collected by a magnet and washed twice with acetonitrile (3.0 mL) followed by methanol (3.0 mL) at 25°C to enrich caffeine; then, the MMIPs/MNIPs were collected by magnet to get the eluent (in methanol) which was stored at 4°C for further analysis.
AgNPs colorimetric and UV-vis spectroscopic, HPLC detection of caffeine
AgNPs were prepared by a simple chemical reduction method. Briefly, 4 mL of silver nitrate solution (1.0 mmol L À1 ) was added dropwisely to 10 mL of freshly prepared 2.0 mmol L À1 sodium borohydride solution. The reaction mixture was stirring at 400 r.p.m. for 20 min at room temperature until the colour of the solution turned to yellow. The fresh synthesised AgNPs were immediately applied to the following experiments within 2 h.
For AgNPs colorimetric, and UV-vis spectroscopic detection of caffeine, the standard solutions of caffeine in methanol were prepared in a series of 0, 0.01, 0.1, 1, 5, 10, and 30 mg L À1 . Each 100 lL of caffeine methanol solution was added into 400 lL of fresh prepared AgNPs solution. After oscillation for 10 min, the colour of mixture has changed and then the UV-vis absorption spectra (300-800 nm) were collected as well.
For three market beverages, the eluent (with methanol) of caffeine after extracted by MMIPs was collected and colorimetric detection using AgNPs according to the procedure above. The colour of the AgNPs reaction solution turned grey, which demonstrated the concentration of the eluent is too high, and it should be diluted properly and measured again. As control, caffeine contents of three market beverages were also detected by HPLC directly.
Data analysis
All data ware analysed using Origin software for Microsoft Windows (version 8.0).
Results and discussion
Preparation of caffeine-MMIPs
During the preparation process of caffeine-MMIPs (Fig. 1) , CTAB was used as the surface active agent to construct mesoporous structure in mSiO 2 layer, of which silica has been prepared by hydrolysis and condensation of TEOS and covered on the surface of magnetite Fe 3 O 4 . Then, the vinyl-modified Fe 3 O 4 @m-SiO 2 was synthesised by modification using MPS. Next, MAA was used as the functional monomer to form complexes with caffeine as the template, and after adding the cross-linker EGDMA and polymerisation initiator AIBN, the MMIPs was coated onto the surface of the Fe 3 O 4 @mSiO 2 . Finally, the template was removed absolutely with methanol. Moreover, the resulting polymers could be quickly separated by a magnet.
Standard curves of HPLC analysis
The linear regression equations, correlation coefficients, limit of detection (LOD) and limit of quantity (LOQ) of caffeine, xanthine, theobromine and theophylline by HPLC are shown in Table 1 . The correlation coefficients are all greater than 0.999, indicating excellent linearity.
Structural and magnetic properties of caffeine-MMIPs
FT-IR analysis was carried out to verify the different nanoparticles in the reaction process. As shown in Figure S2 , the peak near 578 cm À1 appeared in all nanoparticles, which is the characteristic absorption peak of Fe-O in Fe 3 O 4 , which indicated that the Fe 3 O 4 nanoparticles were successfully coated by the synthesised SiO 2 layer and polymer layer. The absorption peak appeared at about 1070 cm À1 ( Figure S2b ) is Si-O-Si antisymmetric stretching vibration peak, which indicated that the SiO 2 layer was successfully covered on the surface of Fe 3 O 4 . Compared with Figure S2b, it can be found that, in Figure S2c , two absorption peaks at 2917 cm À1 and 2845 cm À1 , the characteristic absorption peak of CTAB in Fe 3 O 4 @C-TAB/SiO 2 disappeared, which showed that the CTAB in the SiO 2 layer has been eluted completely by acetone refluxing, and mesoporous SiO 2 (mSiO 2 ) layer formed. Moreover, in the Figure S2d , the absorption peak at 1635 cm À1 is the characteristic absorption peak of carbon-carbon double bond, which demonstrated that double bonds were successfully grafted onto the mSiO 2 surface after being vinyl-modified, which will strengthen the chemical and mechanic stability of MMIPs (L. Zhang et al., 2012) .
From the TEM of Fe 3 O 4 nanoparticles, Fe 3 O 4 @m-SiO 2 and MMIPs (Fig. 2) , we found that the particle size of Fe 3 O 4 was about 300 nm, the particle size of Fe 3 O 4 @mSiO 2 with core-shell structure was about 360 nm, so that the translucent mSiO 2 layer covered with Fe 3 O 4 was about 30 nm, also it can be clearly seen that the uniformly distributed pores were perpendicular to the surface of Fe 3 O 4 nanoparticles (Fig. 2b) , which was consistent with the silicon mesoporous materials that reported elsewhere (Hou et al., 2017) . Therefore, mesoporous Fe 3 O 4 @mSiO 2 had been prepared successfully. Figure 2c showed that core-shell structural MMIPs was nearly spherical, with the particle size about 400 nm, so the thickness of the modified and imprinted layer had been increased. Thus, the core-shell magnetic surface molecularly imprinted polymeric microspheres had been successfully prepared.
The magnetisation curves of Fe 3 O 4 nanoparticles and MMIPs were shown in Fig. 3 . The shape of the two curves was similar, there was no residual magnetism, and the coercive force was zero, and both of them had superparamagnetic property. At room temperature, the saturation magnetisation of Fe 3 O 4 nanoparticles and MMIPs was 74.7 emu g À1 (Fig. 3a ) and 63.6 emu g À1 (Fig. 3b) respectively. The saturation magnetisation of MMIPs was lower than that of Fe 3 O 4 nanoparticles due to the appearance of nonmagnetic shell on the surface, which has a certain influence on the magnetic response. The Fig. 3c showed the schematic diagram of the magnetically controlled separation of the MMIPs in the presence of an external magnetic field. MMIPs would slowly settled down without external magnet, but the MMIPs immediately (within 15 s) aggregated to the bottom of bottle under an external magnet, which indicated that although the magnetic properties of MMIPs were lower than that of Fe 3 O 4 nanoparticles, but the magnetic separation had little effect on MMIPs.
Thermodynamics of adsorption
The adsorption isotherms of MMIPs and MNIPs were conducted at different temperatures (298 K, 308 K and 318 K) showing in Figure S3 . The adsorption capacity increased with the increase of temperature, perhaps the reason was that the MMIPs was polymerised at higher temperature, so that the adsorption capacity was greater than that at low temperature, which was consistent with the results of relevant literature (Zhu et al., 2013; Xie et al., 2015) . Obviously, at the same temperature, the adsorption capacities of MMIPs were nine times more than those of MNIPs. The static adsorption data of MMIPs and MNIPs were fitted by Langmuir equation (3) and Freundlich equation (4), the results were shown in Table S1 . Langmuir isothermal equation
where Q e (mg g À1 ) represents the equilibrium adsorption capacity and Q m (mg g À1 ) is the saturated adsorption capacity, c e (mg mL À1 ) is the equilibrium concentration of caffeine. K L is the parameter of Langmuir isothermal equation, which indicates the ability of adsorption, and its value is related to the nature of adsorbent, adsorbate and temperature. K f is the adsorption equilibrium constant of Freundlich isothermal equation, which represents the adsorption capacity at the unit concentration, while n is the characteristic adsorption parameter of Freundlich equation.
The Langmuir equation is used to describe the monolayer adsorption process of adsorbate on the adsorbent surface, while the Freundlich equation introduces the interaction of adsorbate molecules in the adsorption process, which is often used to describe the multilayer adsorption process. As shown in Table S1 , the correlation coefficients of Langmuir isotherm equation were higher than that of the Freundlich isotherm equation. Moreover, the saturated adsorption capacity Q m (cal) 38.8 mg g À1 calculated by the Langmuir equation was closer to the saturated adsorption capacity Q e (exp) measured in the experiment. Therefore, the adsorption process of caffeine on MMIPs could be regarded as a monolayer adsorption. Figure S4 showed the adsorption kinetics curve of MMIPs at 298 K. The adsorption capacity of MMIPs for caffeine increased with the increment of adsorption time, especially increasing sharply at starting 50 min. The adsorption process of molecules permeated into the channel to identify the adsorption site was so slow that adsorption process reached equilibrium until 50 min. However, this equilibrium time was shorter than those of other MMIPs which had been reported (Yu et al., 2010; Fang et al., 2011; Hu et al., 2015) . In contrast, the adsorption process of MNIPs reached equilibrium at about 30 min with little adsorption capacity because of nonspecific adsorption.
Kinetics of adsorption
In order to further study the adsorption kinetics of caffeine on MMIPs, the pseudo-first-order equation and the pseudo-second-order equation were used to fit the adsorption data at 298 K, and the related parameters were obtained in Table S2 . It can be seen that the pseudo-second-order equation model has a higher correlation coefficient (R 2 > 0.99), and the adsorption capacity calculated by the pseudo-secondorder equation was closer to the measured adsorption capacity. Thus, the caffeine adsorption behaviour on MMIPs was in line with pseudo-second-order equation. The growth of adsorption rate is limited by number of the adsorption sites on the adsorbent surface, so that there was a maximum adsorption rate.
Selectivity of adsorption
As shown in Fig. 4 , adsorption capacities of caffeine, xanthine, theobromine and theophylline with the initial concentration at 0.3 mg mL À1 under 298 K were distinct from one and another. Among them, the adsorption capacity of caffeine was the highest one reaching 25.8 mg g À1 , while the adsorption capacities of xanthine, theobromine and theophylline were only 4.78 mg g À1 , 8.45 mg g À1 and 7.65 mg g À1 respectively. In addition, there were no obvious differences of adsorption capacity of MNIPs for selected substances, and the imprinting factor of caffeine-MMIPs a MMIPs/MNIPs = 7.12 for caffeine, separation factor b caffeine/xanthine = 6.01, b caffeine/theobromine = 3.40 and b caffeine/theophylline = 3.76. Among three analogues, theophylline and theobromine have one N-methyl group less than that of caffeine, whereas xanthine has no Nmethyl group. Thus, the hydrophobic interaction of theophylline and theobromine with the recognition site in the surface cavities of MMIPs is more similar to caffeine than that of xanthine, resulting in smaller separation factors than that of xanthine. Therefore, the prepared MMIPs had higher selective adsorption ability for the template molecule.
Standard recovery of beverage samples
In order to furtherly prove the accuracy of AgNPs colorimetric detection coupled with MMIPs, the recovery rate of caffeine was determined firstly, and the recovery rate was 94.6-97.4% (Table 2) , which indicated that MMIPs could be used for the detection of actual samples containing caffeine.
AgNPs colorimetric detection of caffeine in beverages pretreated by MMIPs
Under the optimal experimental conditions, different concentrations of caffeine standard solution (0-30 mg L À1 ) were added into the AgNPs solution, respectively, and the detection of caffeine was carried out according to the change of the colour of solution, as shown in Fig. 5a . When the concentration of caffeine increased from 0 to 30 mg L À1 , the colour changed from yellow to red. However, when the concentration of caffeine is 5-30 mg L À1 , the colour of solution changed from red to dark red obviously, so the concentration can be estimated by naked eye, and the LOD is 1 mg L À1 . However, when the concentration is 0-1 mg L À1 , the colour change was not obvious. To improve the sensitivity of this colorimetric sensor, UV-vis spectrometer was used to scan the spectra which showing in Fig. 5c , and the concentration of caffeine (x) ranging 0-5 mg L À1 was determined by UV-vis spectrometer through the absorbance (y) at 393 nm calculated using the linear regression equation y = À0.010x + 0.443 (R 2 = 0.9945) (Fig. 5d) , and the LOD is 0.001 mg L
À1
. Therefore, the concentration of caffeine could be judged by naked eye when the concentration is greater than 5 mg L À1 , and otherwise, it could be detected by UV-vis spectrometer. Compared with the gold nanoparticles colorimetric method reported (Lin et al., 2011; Feng et al., 2013) , this proposed method with a wider linear range is simpler and lower cost.
The caffeine in bottled black tea, bottled green tea and Coca-Cola was enriched by MMIPs and then eluted with methanol respectively. Three eluents were analysed with AgNPs sensors, respectively, and the colour of all AgNPs reaction solution turned to grey. Thus, after diluting those by 10 times, they could be analysed with AgNPs sensors, which result was shown in Fig. 5b . Comparing with Fig. 5a , the concentration of caffeine in three eluents was 5, 10 and 10 mg L À1 , so that the caffeine contents in the bottled black tea, bottled green tea and Coca-Cola were 50, 100 and 100 mg L À1 respectively. Compared to AgNPs colorimetric method pretreated by MMIPs, three beverage samples had been analysed by HPLC at the same time, and the results of the two methods were close to each other (Table 3) . Thus, the AgNPs colorimetric detection coupled with MMIPs could be used to analyse the caffeine in beverages.
Conclusions
We have successfully developed a rapidly AgNPs colorimetric detection of caffeine in beverages, in which caffeine extracted from beverage by MMIPs before it reacted with AgNPs. The caffeine-MMIPs have been prepared by surface molecularly imprinted technology that can reduce embedding and template leaks, be conducive to the elution and identification of caffeine and improve the recovery rate of caffeine comparing with other caffeine-MIPs which have been reported (Chang et al., 2012; Osman et al., 2014) . Moreover, the caffeine-MMIPs had been characterised by TEM, FT-IR and VSM. This colorimetric method could be used to rapidly screen and semi-quantify caffeine in beverages ≥5 mg L À1 by naked eye or accurately quantify caffeine ranging 0.1-5 mg L À1 by UV-vis spectroscopy at 393 nm, which the detected results were consistent with those of direct analysis using HPLC. Therefore, AgNPs colorimetric detection is able to rapidly and accurately analyse the content of caffeine after pretreatment with MMIPs. Moreover, this colorimetric analysis can also be applied to detect other substances in foods, such as pesticides and certain additives. As well as this method can also be extended to other industries, such as environmental protection. 
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